BACKGROUND-People with schizophrenia and their biological relatives have deficits in executive control processes such as inhibition and working memory as evidenced by performance abnormalities on antisaccade (AS) and ocular motor delayed response (ODR) tasks.
Introduction
People with schizophrenia and their biological relatives have deficits in executive control processes such as inhibition and working memory (1) (2) (3) (4) (5) (6) , which can be successfully modeled using cognitively complex saccadic eye movement tasks. Saccades are fast redirections of gaze that exist in a hierarchy of increasingly complex behavior (7) . At a basic level are refixation saccades to a target -on which schizophrenia participants have comparatively normal performance (8) (9) (10) . At a more complex level are volitional saccades -on which schizophrenia participants' performance is compromised. Volitional saccades require endogenous control, for example inhibiting an eye movement and/or maintaining internal representations of spatial locations as a target for a later eye movement (11) (12) .
Among a diverse range of volitional saccades tasks are two that are frequently used to assess such abilities in schizophrenia research: 1) antisaccade (AS; [13] [14] and 2) ocular motor delayed response (ODR; [15] [16] [17] paradigms. These tasks both require visuo-spatial attention, inhibitory control, working memory and generation of a saccade to a specific spatial location in the absence of a visual target (13, 14, 16, (18) (19) (20) (21) (22) . For correct AS performance, participants must maintain the instruction to generate a saccade to the peripheral cue's mirror image location, inhibit a reflexive saccade toward that cue upon presentation, and then program and generate a saccade to the cue's mirror image location. An error is defined as an initial glance toward the peripheral cue. For correct ODR performance, participants must maintain the instruction to generate a saccade to a remembered cue location, inhibit a response to that cue's presentation and during a delay period, remember the spatial location of the cue, and finally, generate a saccade to the remembered cue location after the delay. An error is defined as an initial glance toward the peripheral cue or its location during the delay period.
Disrupted performance during both of these volitional saccade tasks is characteristic of schizophrenia participants and their biological relatives. Schizophrenia subjects (i) generate increased errors during AS tasks (9, 13, (23) (24) (25) (26) (27) (28) (29) , (ii) generate increased anticipatory errors during ODR tasks (15, 16, 22, (29) (30) (31) (32) and (iii) demonstrate increased latencies and decreased gains of correct responses in both tasks (9, (15) (16) (17) 25, 30, 31, 33) . The similarities in characteristics of behavioral performance between AS and ODR tasks suggest that the two tasks may be indexing similar neural circuitry abnormalities among schizophrenia participants, although this possibility has yet to be evaluated. These data also suggest that use of both tasks within the same session may provide a constructive replication (i.e., probing organized neural circuitry with similar, but not identical, tasks). Use of both tasks, then, is expected to provide an inclusive view of the neural circuitry supporting volitional saccade tasks and maximize the probability that regions involved in volitional saccade tasks are observed and identified.
Volitional saccades are supported by both subcortical and cortical regions, and as might be inferred from the behavioral data, the neural regions identified as supporting AS and ODR performance are quite similar (34, 35) . The associated neural circuitry may be comprised of sub-circuits that support different aspects of saccadic performance. For instance, regions involved primarily in motor processes (i.e. saccade generation and triggering) include basal ganglia (BG), posterior parietal cortex (PPC), and lateral frontal eye fields (lFEF) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) . These regions may be fairly circumscribed, yet they collaborate with executive control regions necessary for selecting, inhibiting, sequencing and/or remembering correct responses, including anterior cingulate gyrus (ACG), medial frontal eye fields (mFEF), supplementary eye fields (SEF), and prefrontal cortex (PFC; 35, 40, 41, [43] [44] [45] [47] [48] [49] [50] [51] [52] . Many of these latter brain regions have been implicated in the neuropathology underlying cognitive control difficulties in schizophrenia (1, (53) (54) (55) (56) (57) (58) .
The present study was conducted to further investigate neural correlates of executive control deficits by focusing on volitional saccade performance in schizophrenia by (i) directly comparing neural functioning in schizophrenia patients, their first-degree biological relatives (primarily siblings), and healthy participants, and (ii) making a more inclusive assessment of executive control by combining AS and ODR tasks into a single measure of "volitional control". Behavioral performance on volitional saccade tasks has been proposed as a potential schizophrenia-related intermediate phenotype (28, (59) (60) (61) . The inclusion of relatives allows for a further evaluation of the extent to which intermediate phenotype status may extend to the brain activity patterns underlying the well-documented differences in behavioral performance.
The following hypotheses were evaluated: (i) schizophrenia participants and their relatives will show increased error rates on volitional saccade tasks relative to healthy participants; (ii) AS and ODR tasks will be highly similar in the neural circuitries supporting performance and in the activity patterns that differentiate schizophrenia and healthy participants1; (iii) relatives of schizophrenia participants will show disruptions in the neural circuitry mediating volitional saccade performance similar to that observed in the affected patients; (iv) these disruptions are particularly expected in regions mediating the executive component of volitional saccade performance such as PFC (38, 40, 41, 48, (62) (63) (64) (65) .
Methods and Materials

Participants
Fifteen participants diagnosed with DSM-IV schizophrenia (age: M=38 yrs, SD=11), 13 of their first-degree biological relatives (11 siblings, 1 parent, 1 offspring: age: M=40 yrs, SD=15), and 14 healthy participants (age: M=39 yrs, SD=12) were studied. Schizophrenia participants and their relatives were recruited from regional mental health centers and through newspaper advertisements. Schizophrenia participants were diagnosed using the Patient Edition of the Structured Clinical Interview for DSM-IV (66) and rated using Scales for the Assessment of Negative Symptoms (SANS), Scales for the Assessment of Positive Symptoms (SAPS) and Global Assessment Functioning (GAF). Eighty percent of schizophrenia participants were taking a single atypical antipsychotic medication2. One was taking two atypical antipsychotic medications3 and two were not medicated.
Relatives of schizophrenia participants were interviewed with the Non-Patient Edition of the Structured Clinical Interview for DSM-IV-TR (66) and screened using the Schizotypal Personality Questionnaire (SPQ; 67) and the Scales of Psychosis Proneness (68). Relatives did not score significantly higher than published norms (67, 68) on any of these measures. Eighty-five percent (N=11) of the relatives of schizophrenia participants had no DSM-IV Axis I disorder (two diagnosed with a nonpsychotic affective disorder). Healthy participants 1 Formulation of a hypothesis test in terms of the null often causes concern among investigators trained in the social sciences, although it is not a concern in other disciplines (97, 98) . The logical foundation for such an approach to theory testing, as opposed to the traditional use of "inferential statistics" that demand a statistically significant difference (p<.05), has been discussed at some length in numerous previous reports (99, 100, 101) . 2 chlorpromazine [CPZ] equivalent dose mean=459 mg, SD=519; aripiprazole N=1, olanzapine N=4, quetiapine N=3, risperidone N=3, and ziprasidone N=1 3 (CPZ equivalent dose mean=825 mg; aripiprazole and risperidone) (matched by gender and age to the other groups) were recruited through newspaper advertisements and fliers posted throughout the community.
All participants were right-handed, free of serious physical health problems and absent of known neurological hard signs. Exclusion criteria included loss of consciousness for more than 30 minutes, history of severe head trauma, and current drug abuse. Participants were also screened for contraindications for fMR imaging. All participants provided informed consent as per UGA Institutional Review Board requirements and were paid for their time.
FMR Imaging
Brain imaging was performed at the Athens Orthopedic Clinic MRI Center using a GE Signa Horizon LX 1.5T MRI scanner (Milwaukee, WI). Immediately prior to entering the scanner, participants were given task instructions. During imaging, participants were provided with earplugs and positioned in a supine position. Their heads were stabilized with foam padding and head restraints. A dual mirror box was placed 16 cm above and in front of the participant's eyes designed to make stimuli visible to the participant, and the participant's eyes visible to an eye-tracking camera. Eye movements were recorded using MRI compatible equipment (MeyeTrack LR, SensoMotoric Instruments, Inc., Berlin, Germany). The eye was illuminated via an infrared light source, and the eye image was relayed via a remote infrared camera with long-range optics. Eye movements were displayed on a computer monitor so performance could be monitored and recorded continuously (sampling rate = 60 Hz) for later analysis. An LCD Projector (NEC Viewtechnology, Ltd., Tokyo, Japan) displayed stimuli onto a rear projection screen standing 174 cm from participant's nasion. Stimulus presentation was controlled using Presentation software (Neurobehavioral Systems, Albany, CA).
First, a three-dimensional T1-weighted structural MRI scan for definition of anatomical structures within each brain [spoiled gradient-recall (SPGR) protocol: TE=2.8 msec, TR=10.8 msec, flip angle=20°, 2 NEX, matrix=256×256, field of view=24 (resulting in an in-plane resolution of 0.97×0.97), slice thickness of 1.5 mm, sagittal acquisition, 124 contiguous slices, scan time 5 min 41 sec]. Second, participants were reminded of task instructions, and two functional runs were conducted. For each, a series of T2*-weighted functional images were obtained [axial prescription, spoiled-gradient pulse sequence (SPGR) with a spiral readout pattern in k-space, (matrix=64×64, field of view=24 resulting in an in-plane resolution of 3.75×3.75, slice thickness=4 mm), TE=40 msec, TR=1912 msec with two interleaves resulting in an image acquisition time of 3.8 sec; flip angle=77°, 24 supratentorial contiguous slices; AS=81 TRs (scan time of 5 min 8 sec), ODR =97 TRs, (scan time of 6 min 9 sec)]. Brain coverage for functional scans was defined by placing the most superior scan plane tangent to the highest point of the somatosensory cortex. Each functional run began with two null repetitions (not included in analyses) to allow the magnetization to stabilize at steady state equilibrium.
Eye Movement Stimuli
Participants performed two blocked runs, which alternated between blocks of fixation (see Figure 1A ) and blocks of a single volitional saccade condition. A change in the geometric shape around the fixation cross signaled a task change: a bordering square signaled the baseline fixation condition and a bordering diamond signaled a volitional saccade condition.
The volitional saccade blocks were either antisaccade trials (AS run; see Figure 1B ), or ocular motor delayed response trials (ODR run; see Figure 1C ). The order of runs was counterbalanced across subjects.
Fixation Block-Participants were instructed to fixate on a centrally presented cross bordered by a square for its duration (22.5 
sec).
Antisaccade Block-Participants were instructed to keep their eyes on a centrally presented cross bordered by a diamond for its duration (1700 msec). The diamond was extinguished, and 200 msec later (gap), a 1° gray dot was presented 8° to the left or right of fixation in the horizontal plane (1250 msec). Participants were instructed to move their eyes as quickly and accurately as possible to the mirror image location of the cue (same amplitude, opposite side). Eight trials were presented per block (25.2 sec total).
ODR Block-Participants were instructed to keep their eyes on a centrally presented cross bordered by a diamond for its duration. After 1500 msec a 1° gray dot was presented (100 msec) at one of six pseudorandomly selected peripheral locations (+/− 4°,8°,or 12°). Participants were instructed to remember the location of the peripheral cue while keeping their eyes fixated on the central cross. After a delay period (2500 msec) the fixation cross was turned off, signaling the participant to move their eyes to the remembered location as quickly and accurately as possible. After 1300 msec of response time, a 1° gray star appeared in the correct location (500 msec) to reinforce the accuracy component of the task. Six trials were presented per block (35.4 sec total).
Data Analyses
Behavioral Analyses-Eye movements recorded in the scanner were analyzed (Matlab; The Mathworks, Natick, Massachusetts) for the following variables. First, the percentage of errors generated during AS and ODR trials were calculated ([number of trials with at least one error saccade/total number of useable trials]*100). For AS trials an error saccade was an initial glance towards (instead of away from) the cue. For ODR trials an error saccade was an initial glance toward the peripheral cue during its presentation or anytime during the remainder of the delay period. Second, the latencies of correct antisaccades and memory saccades were calculated (time in milliseconds between the cue presentation and the start of the saccade [>90 msec]). Third, the gain of correct antisaccades and memory saccades was determined ([initial saccade amplitude / cue amplitude]; 1.00 indicates perfect accuracy).
FMRI Analyses-Analyses were conducted with Analysis of Functional NeuroImages (AFNI; 69) software using methods similar to those previously published (34, 48) . Threedimensional datasets were created from individual image files. For each run, all volumes were registered to the middle volume to correct for minor head movement over time. A full width, half-maximum (FWHM) Gaussian filter (4 mm) was applied to each dataset to account for individual variations in anatomy. For each voxel, the percent change in BOLD signal between the baseline (fixation) and volitional saccade (AS or ODR) blocks was calculated for each of the time points.
For each subject, for each run, six factors were entered into a regression model including the baseline and experimental conditions, one linear drift factor, and three factors characterizing head motion in order to evaluate blood oxygenation level-dependent (BOLD) signal change associated with the experimental conditions. Anatomical and functional volumes were transformed into Talairach space (70) and resampled to 4×4×4 mm resolution.
To display volitional saccade-related BOLD signal change, data from all participants in all groups across runs were submitted to a one-sample t test on a voxel-by-voxel basis. To protect against false positives, a threshold/cluster method derived from Monte Carlo simulations4 was applied to the t map (71) . The resulting averaged, clustered one-sample t map showed BOLD signal changes associated with volitional saccade performance, and results were consistent with previous fMRI studies (e.g. for a particularly large sample, see 34) . This global activation map was then used to define regions of interest (ROIs), wherein a sphere (radius 8 mm) was placed at the center of mass of each cluster that showed significant volitional saccade-related signal change. For each ROI, mean intensity changes were calculated for each individual. Finally, for each ROI, a 3X2 ANOVA was used to evaluate effects of group (SZ, RL, HP) and task (AS, ODR).
Results
Behavioral Results
Behavioral data for AS and ODR task performance were available for 98% of participants. Data from one schizophrenia participant could not be collected due to insufficient contrast between the pupil and the iris. A group (SZ, RL, HP) by task (AS, ODR) analysis of variance on percent errors revealed no significant effect of task, F(1,38)=1.2, p=0.27, and error rates in the AS and ODR tasks were significantly correlated in all groups (SZ: r=0.68, p=0.01; RL: r=0.57, p=0.04; and HP: r=0.58, p=0.03). As such, performance data presented hereafter are combined across AS and ODR tasks and are presented as volitional saccade data.
Error Rate-There was an overall significant difference in percent of volitional saccade errors generated between groups, F(2,38)=3.4, p=0.043. Post hoc Tukey tests revealed significantly higher error rates in the SZ group (M=27.4%, SE=5.2) than the HP group (M=9.1% error, SE=5.2, p=0.045). The error values for the RL group were intermediate (M=23.5%, SE=5.4) and differed significantly only from the HP group (p=0.045, see Figure  2 ).
Latency of Saccadic Responses-
The latency of responses did not show a significant difference between groups during volitional saccade task performance, F(2,38)=0.725, p=0.49.
Gain of Saccadic
Responses-There was a significant difference in the gain of the initial saccade, F(2,38)=5.194, p=0.01. Post hoc Tukey tests revealed that gain was significantly lower in the SZ group (M=0.78, SE=0.07) than in the HP group (M=1.06, SE=0.07; p=0.02) and RL group (M=1.05, SE=0.07; p=0.03)5.
FMRI Results
The clustered one-sample t map collapsed across groups and tasks revealed that the following bilateral regions showed significant BOLD signal activity during volitional saccade conditions compared to fixation conditions (see Table 1 and Figure 3 ). All groups showed increased signal in cortical and subcortical regions previously shown to support volitional saccade performance: striatum, insula, middle occipital gyrus (MOG), cuneus, anterior cingulate gyrus (ACG), superior parietal lobule (SPL), lateral frontal eye fields (lFEF), supplementary eye fields (SEF), medial frontal eye fields (mFEF), and bilateral BA9 and BA10 in dorsolateral prefrontal cortex (DLPFC) (e.g. 34, 35, 40, 41, 43, 45, 48) . As such, these 11 bilateral regions comprised the ROIs for subsequent analyses. 4 Accounting for the 4 mm FWHM Gaussian filter and with a connectivity radius of 5.6 mm. Based on these simulations, the familywise alpha of .05 was preserved with an a priori voxel-wise probability of .025 and three-dimensional clusters with a minimum volume of 1024 µL (16 or more voxels). 5 To further investigate the gain issue, all subjects were classified as "hypometric" if their average gains were below 1 or "hypermetric" if their average gains were above 1 (no subjects had a gain of 1.0). Hypometria was observed in 86% of the SZ group, 43% of the HP group, and 46% of the RL group.
Between-Group Differences-A group (SZ, RL, HP) by task (AS, ODR) ANOVA for each defined ROI revealed that there were no effects of task (all p-values from all ROIs were greater than p=0.16). The examination of group differences revealed three patterns of results (see Table 1 and Figure 4) . First, groups did not differ on task-related signal increases in striatum, SPL, mFEF and in BA9 (see Figure 5) . Second, only the SZ group showed significantly decreased task-related signal change when compared to the RL and HP groups in SEF and lFEF (see Figure 6 ). Third, both the SZ and RL groups showed significantly decreased task-related signal change when compared to the HP group in BA10, ACG, cuneus, insula and MOG (see Figure 7) . In these five regions relatives tended to show intermediate task-related signal change.
Discussion
The present study examined the neural substrates associated with executive control deficits in schizophrenia, which was assessed using two volitional saccade tasks that require visuospatial attention, inhibition, working memory and saccade generation to a location lacking a target. Behavior on both types of tasks is known to be impaired among people with schizophrenia and their first-degree biological relatives (20, 23, 72) . Behavioral and fMRI data were acquired from participants with schizophrenia, their first-degree biological relatives (primarily siblings) and healthy participants recruited from the community. When neural activation patterns were compared across groups, differences were observed in particular regions of the saccade circuitry. This suggests that brain activity changes in some neural regions are more likely to be affected by disease-related factors (as indicated by decreased activity observed only in the schizophrenia participants) while activity in other regions are more closely associated with a risk for developing the illness (as indicated by decreased activity in both the patients and their relatives). These types of specific differentiations of disease-related and risk-related abnormalities in brain activations for a purported behavioral endophenotype have not been described previously.
The current data suggest that the control of both antisaccades and ocular motor delayed response tasks require similar neural circuitry. All groups showed increased signal in cortical and subcortical regions previously shown to support volitional saccade performance (e.g. 34, 35, 40, 41, 43, 45, 48 ). In the current study, no differences were observed between regions active during antisaccades and delayed response tasks, which may not be surprising given the similar processes involved in their performance. This is not to suggest that identical circuitry necessarily supports both types of task performance, but at the very least it is highly similar. Issues that may impact the ability to resolve differences between tasks in the current study include study design, the technical resolution of the equipment on which data were collected, and the analysis path which may have favored those areas active over both tasks as opposed to highlighting task-specific differences.
Consistent with previous literature, schizophrenia patients and their relatives showed evidence of disruptions in the circuitry supporting volitional saccade (43, 48, (62) (63) (64) (65) 73) . Present results support three important conclusions regarding disruptions in volitional saccade control circuitry in schizophrenia: (i) they are not generalized across all involved brain regions, (ii) some aspects of observed abnormalities are related to manifestation of the disease, and (iii) other aspects of observed abnormalities may be related to the risk for developing the disease.
Disruptions in volitional saccade control circuitry in schizophrenia are not widespread because all three groups (patients, relatives, healthy subjects) showed comparable neural activation in cortical and subcortical regions, including BA9, mFEF, SPL and striatum (see Figure 5 ), which are known to support volitional saccade performance (34, 52, 74, 75) . These results suggest that the observed behavioral and neural abnormalities in schizophrenia participants are not associated with a "generalized deficit", but are related to more specific disruption of the relevant neural circuitry.
Functional abnormalities in lFEF and SEF were observed only in the schizophrenia group (see Figure 6 ). Increased activity in these two frontal regions before response generation has been associated with the motor component of volitional saccade generation (lFEF; 49, 76) and control of internally generated saccades (SEF; 7,77). Because the relative group did not show significant abnormalities in lFEF and SEF, specific aspects of the motor component of volitional saccade generation may be associated with the actual expression of the symptoms of the disease (78) . This finding, however, may implicate several factors, including the disease process itself, active symptom subtypes, illness duration, and/or medication effects. The present project does not allow for an evaluation and determination of which of these factors are the most likely cause of the observed effects, but they would be important to consider in subsequent investigations.
Both the schizophrenia and relative groups showed decreased activity in MOG, insula, cuneus, ACG and BA10 in PFC (see Figure 7) . Activity in MOG, insula and cuneus have been associated with early visuo-spatial processing, spatial attention and sensory awareness (44, (79) (80) (81) . Disruption of normal patterns of activity in these regions may be related to poor early sensory and attention processing after stimulus presentation. These regions also have reciprocal connections with prefrontal regions such as ACG and DLPFC (82) (83) (84) (85) . Perhaps top down control of early sensory areas are compromised during stimulus evaluation (86, 87) and response preparation (88, 89) among the schizophrenia groups. For instance, disruption of DLPFC and/or ACG-related top-down control signals may compromise evaluative processes involved in determining whether greater executive control is needed for proper task performance (e.g., 90,91) and/or disruption of DLPFC may impair appropriate saccade generation or inhibition (e.g., 84). Finally, it may be that regions showing lower activity in both the proband and relatives groups, may be the most effective indicators of disease risk (better intermediate phenotypes) because they manifest as a function of shared genes (not disease state).
There are at least two caveats applicable to this study. First, the samples sizes for the three groups are modest. Even given the sample sizes, however, the behavioral results essentially replicate previous findings of relative studies with larger sample sizes (Calkins et al., 2004) , and imaging results show similar neural circuitry as that identified in other studies of antisaccade and ODR tasks in healthy subjects (34, 36) . Also, by collapsing across two volitional saccade runs with similar behavioral requirements, we were able to increase the power to study the neural correlates of volitional saccades. Second, BOLD signal differences between groups might reflect differences in behavioral performance. For instance, more eye movements necessitated by errors and the subsequent corrections might be expected to result in more activity in saccadic circuitry. This would predict more activity in the schizophrenia or relative group, which is the opposite direction of what was actually observed.
In summary, the present study reports on the neural substrates supporting volitional saccade performance of different types (antisaccade and ocular motor delayed response tasks) among schizophrenia families. There were neural disruptions underlying behavioral manifestations of executive functioning deficits of two distinct types: (i) deficits observed only in the schizophrenia group, suggesting dysfunction associated with disease manifestation; and (ii) deficits observed in both patients and relatives, indicating changes associated with disease risk. Although, for the latter, both groups showed decreased activity in these regions, the amount of neural activity observed among the relatives was intermediate between the healthy and schizophrenia participants. This pattern mirrors well-documented differences in behavioral measurement of volitional saccade error rates in these groups (9, 13, 16, 24, 25, 41 ). It appears, therefore, that decreased activation in regions involved in stimulus evaluation (ACG and DLPFC), and early sensory and attentional processing (MOG, insula and cuneus), may be associated with poor volitional saccade control and risk for developing schizophrenia.
These results also suggest that brain activity might serve effectively as an intermediate phenotype for schizophrenia. Putative endophenotypes (92) could include specific deficits in brain anatomy and/or function interposed between the predisposing genes and the overt clinical disease. Such measures are expected to provide more direct information about illness risk because they are closer in the etiological chain to the primary constitutional deviations resulting in disease (93, 94, 95) . In practice, there are a number of other cases in which brain activity appears to be an effective intermediate phenotype (see e.g. 25, 63, 65, 73, 96) . Importantly, the current study demonstrates that a similar level of behavioral performance (increased antisaccade and delayed response task errors of commission) does not guarantee that participants with schizophrenia and their relatives have the same deviations at the level of brain functioning. This suggests that identifying homogenous pathology-related mechanisms at the level of brain functioning among schizophrenia families could considerably enhance the usefulness of behavioral measures of volitional saccade control for a) understanding the neural underpinnings of schizophrenia, b) identifying heterogeneity at the level of specific brain functions between schizophrenia families, and c) defining refined and heritable phenotypes for use in genetic association and linkage studies. Axial slices (top left z = 52 through bottom right z = 12, spacing = 8mm) displaying regions of interest with significant blood-oxygen-level-dependent signal increase associated with volitional task performance color coded by pattern of result. Regions in which all three groups showed task-related signal change are shown in blue. Regions in which the only the schizophrenia group is decreased are shown in green. Regions in which the schizophrenia and relative groups are decreased are shown in yellow. The background anatomical image is a structural image from one subject in neurological convention (left hemisphere on the left). Bar graphs showing mean percent signal change (and standard error) for the healthy participant (black), relative (gray), and schizophrenia (white) groups. Regions of interest depicted showed no significant differences in task-related signal change between groups. SPL: superior parietal lobule, Med FEF: medial frontal eye fields, BA 9: brodmann area 9. Bar graphs showing mean percent signal change (and standard error) for the healthy participant (black), relative (gray), and schizophrenia (white) groups. Regions of interest depicted showed significantly lower task-related signal change was observed in the schizophrenia group than in the normal and relative groups. SEF: supplementary eye fields, lat FEF: lateral frontal eye fields. Bar graphs showing mean percent signal change (and standard error) for the healthy participant (black), relative (gray), and schizophrenia (white) groups. Regions of interest depicted showed lower task-related signal change in the schizophrenia group than in the healthy participant group. Task-related signal change in the relative group did not differ from either the schizophrenia or normal groups. BA 10: brodmann area 10, ACG: anterior cingulate gyrus, MOG: middle occipital gyrus. Table 1 Identification of anatomy, Brodmann area (BA), hemispheric location, and Talaraich coordinates for regions of interest (ROI) that showed blood-oxygen-level-dependent (BOLD) signal increase associated with volitional task performance. 
